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SUMMARY

A prismaticfloatwithan angleofdeadriseof10°wassubjected
to smooth-waterimpactsintheLangleyimpactbasin.Theinvestigation
consistedofa seriesofimpactsatfixedanglesoftrimof~o,12°,20°,
and30°andatflight-pathanglesfrom20to23°.

Thedatatietabulatedandthevariationsofdimensionlesscoeffi-
cientswithflight-pathanglearecomparedwiththetheoreticalvariation.
Theexperimentaldataareusedto evsluatetheoreticalandempirical.
meansofdeterminingdead-risefunction,aspect-ratiofactor,anddraft
wherechine-immersioneffectswiU occur.Experimentalvaluesofdead-
risefunctionandaspect-ratiofactorarefoundtobe inagreementwith

-zL- 1,where ~ isangleofdeadrise,
2p

andwithPabsttsaspect-ratio

factor.Inthedeterminationofdraftwherechine-immersioneffects
willoccur,anempiricalvalueofdead-risefunctionforwaterpileup
atanangleofdeadriseof10oandanangleoftrimof3° is obtained.

INTRODUCTION

Theoryindicatesa shaxpincreaseinthehydrodynamicloadasthe
dead-riseangleapproacheszero;however,therehavebeenfewexperi-
mentaldataavailableforveri~ theloadspredictedby theoryfor
anglesofdeadrisebelow20°. Inorderto obtainsomedatainthelow
dead-rise-anglerange,a briefinvestigationoftheloadsin smooth
waterforanangleofdeadriseof10°wasundertakenattheLangley
impactbasin.Thesedataarecomparedwiththetheoryfornon-chine-
inmersedhydrodynamicimpactpresentedinreference1.

Thedeterminationoftheactualloadsandmotionsby application
oftheoryinvolvestheuseofdead-risefunctionandaspect-ratiofac-
tors.Evaluationsofthesefactorsusingexperimentaldatafordead-
riseanglesof22~0,30°,and40°werepresentedinreferences2,3,

.—. .-— .._ . . .._ _—— ..
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2 NACATN3608

and4, respectively.Theseevaluationsindicatethatexistingtheoret-
icaldead-risefunctionandaspect-ratiofactors,whicharepartlyempti- , .
ical,sresatisfactoryforpredicti~loadsforthesedead-riseangles.
Thispaperpresentsexperimentaldataobtainedata dead-riseangleof10°
anda comparisonwiththeory.Includedinthispaperisanevaluation
ofthefunctionsofdeadriseand.aspect-ratiofactorindetermining
hydrodynamicloadby non-chine-immersedtheory.Comparisonswiththe
chine-immersedbranchcurvesofreference1 aremadeandanempirical
valueofdead-risefunctionis computedforaccountingforwaterpileup—
inpredictingloadswhere
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f(p)

h(f3)
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hydrodynamicaspect

wettedsemiwidthof

accelerationdueto

impactacceleration

timeaftercontact,

dropping

veloci@

draftof

velocity

angleof
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SYMBOLS

tanpratio,—
tiT

crosssection

Watiw, 32.2ft/sec2

normaltowatersurface,

sec

weight, lb

ofmcidelparalleltowatersurface,

modelnormalto

ofmodelnormal

deadrise,deg

watersurface,ft

towatersurface,fps

g units

fps

fllght-pathanglerelativetowatersurface,deg

massdensi~ofwater,1.938slugs/cuft

trimangle,deg

dead-risef&ctionfordeterminingloads

dead-risefunctionfordeterminingwaterrise

aspect-ratiofactor
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Subscripts:

ch conditionsat instantofchineimmersion

o atwatercontact

s conditionsat step

max

Dimensionlessvsriables:

Approachpsmmeter

tc=EULZ-cos(T +70)
sin70

Load-factorcoefficient

Draftcoefficient

Draftcoefficientat chineimmersion

cd,ch=c.,ti[#~[;;~.]]”3
Timecoefficient

/

Thedatawereobtained
basinwhichisdescribedin

APPAEWI’US

froma series
reference~.

——

.3

ofrunsintheLangley@pact

.
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Themodeltestedwasa prismaticfloathavinga dead-riseangle
of10°,a beamof3.4feet,anda weightof1,205pounds.Thelinesof
themodelsreshowninfigure1. .

Theinstrumentation-u6edtodeterminehorizontalandverticslldis-
placementsandvelocitieswasdescribedinreference5. Accelerations
intheverticaldirectionweremeasuredby an electricalaccelerometer
oftheunbendedstrain-gagetypehavinga naturaltiequencyofapprox-
imately@ cyclespersecond.Thecontactandexitofthemodelwere
determinedlymeansofanelectricalcircuit
multichanneloscillographhavingO.01-second
themeasurementsofeachoftheinstruments.

.

PRECISION

completedby thewater.A
timingwasusedtorecord

Theinstrumentationusedintheinvestigationgivesmeasurements
thatsrebelievedtobe accuratewithinthefollowinglimits:

Horizontalveloci@,fps. . .“.. . . . . .
Va%ical velocity,fis
Weight,lb
Acceleration,”g“u&~k*
Time,sec ● . . . . .
Verticaldisplacement,

Theinvestigation

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .
ft . . . . .“. . . .

TEST PROCEDURE

consistedofa series
atfixedangles~ftrimof3°,X?”,and30°.

..*..* .*** %.5

. . . . . . .0.. %.2

. . . . . ..*** t2.o

. . . . . . . . . . foe3

. . . . . . . . . .m.oo’j
~o●02. . . . . . ..00

ofimpactsin smothwater
Theflight-pathanglewas

variedfrom20to 23°withforwardspeedsrangingfrom25 feetpersec-
ondto ~ feetpersecond.

Themodelvasattachedtothecarriageby a parallellinkage
restrainingthemodelinalldirectionsexceptvertical.Thecarriage
wascatapultedup totestingspeedwheretheparsllel-linkageaction
permittedthemodeltofallfreelyintheverticaldirectionuntilthe
desiredverticalveloci~wasacqyixed.At thispointinthedescent
ofthemodel,a verticalforceof1 g wasappliedby a compressed-air
liftengine.Inthismanner,impactsweremadeunder”conditionssimu-
latinglandingsinwhichthewingliftisequaltotheweightofthe
airplane.Thistestingprocedureisdes~ibedinmcmedetailin
reference5.

—
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RESULTSANDCOMPARISONSWITHTEEORY
/

5

Thebasicdataobtainedinthisinvestigationarepresentedin
tableI. Includedinthistablearetheinitialhorizontalveloci~
andvertical.velocity,theverticalaccelerationanddraftsatinstants
ofmaiimumaccelerationandmaximumdraft,andthetimestomaximm
acceleration,tomaxinmmdraft,andtorebound.It shoddberemembered
thatanangleofdeadriseof10°is small,andatlowanglesofdead
risethehydrodynamicloadbecomesverysensitivetothedead-risefunc-
tionaudtheaspect-ratiofactor.Althoughthemaielandtestingrange
(beamloading,flight-pathangles,andtrimangle)ofthisinvestigation
weresimilartothoseofpreviousinvestigations(refs.1 to4),the
likelihoodofchineimmersionismuchgreaterbecauseofthe”lowangle
ofdeadrise.Withthesepointsinmind,thedataarepresentedas
dimensionlesscoefficientsandarecomparedwithnon-chine-immersed
theoryintheformofplotsagainsttheapproachparameter.K. The
approachparameterwasintroducedinreference1 asa singleparameter
governingthedimensionlessvariablesofmotionandtime.Theapproach
parsmeter,a functionofthetrimandinitialflight-pathangle,isused

. to obtaina singlecurveforeachofthevariationsofdimensionless
displacements,velocities,andaccelerations,regardlessof seaplane
properties,attitude,orinitialveloci~.

Thevariationoftheload-factorcoefficientwithapproachparam-
eterispresentedinfigure2. Thetrendoftheexperimentalpoints
followsthetheoreticalvariationofthemaximumload-factorcoefficient
andtheload-factorcoefficientatthetimeofmaximumdraft.Thedata
obtainedatmaximumaccelerationareingoodagreementwiththeoryathigh
valuesof K. However,atlowvaluesof K (highflight-pathangle),
thedatafallalmost20percentbelowthenon-chine-immersedcurveand
alongthechine-immersedbranchcurves.Sincethetheoryofreference1
predictsno chineimnersionfortheseconditions,disagreementwith
theoryisinlkatedandtheserunswiU be discussedsubsequently.
dataobtainedatmaximumdraftareingoodagreementwiththeoryat
valuesof k,butscatteraboutthetheoryatlowvaluesof K..

Thevariationofthedraftcoefficientwithapproachparameter

The
high

is
showninfigure3. Thetrendoftheexperimentaldatafollowsthetrend
ofthetheoreticalvariation.However,thefactthattheexperimental
datafallabovethetheoreticalcurveindicatesgreaterdepthsofpene-
trationthanthosepredictedby theory.Althoughincreaseddepthof
penetrationatmaximumdraftcanbe expectedbecauseofchineimnersion
atthelowervaluesof K,theexperimentaldatashowgreaterdrafts
throughouttherangeatbothmaximumaccelerationandmaximumdraft.

. Thevariationofthetimecoefficientwithapproachparameteris
showninfigure4. Theexperimentaldataarepresentedfortheinstants
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ofmaximumacceleration,maxim&draft,andreboundfromthewater.The
trendoftheexperimentaldataisingoodagreementtiththetheoretical
variation.Thefactthatthedataatlowvaluesof K (highflight- -
pathangle)againfallawayfromthetheoreticalcurveindicateslater
timesateachoftheinstants.Theseincreasedtimesareinagreement
withtheincreaseddraftshowninfigure3.

Theratioofverticalveloci~to initialverticalvelocityis
showninfigure5 plottedagainsttheapproachparsmkter.Theupper
curveshowsthevariationattheinstantofmaximumaccelerationand
thelowercurveshowsthevariationattheinstantofrebound.The
experimentaldataaxeinreasonableagreementwiththetheoretics.
variation.

ANALYSISOFRESULTS

Thepredictionofhydrodynamicloadsisdependentupontheoretical
orempiricalmeansofdeterminingdesil-risefunction,aspect-ratiofac-
tor,anddraftwherechine-immersioneffectswilloccur.Theexperimen- L
taldataobtainedinthisinvestigationofferan opportunitytoevaluate
thesetheoretical.quantitiesforconditionswherefewdatahaveprevi-
ouslybeenavailsble.Inordertoevaluatethesequantities,thedata
aredividedintothreeparts:First,non-chine-immerseddataforan
angleoftrimof3°whereaspect-ratiofactorisoflittleconsequence
areusedtodetermineanexperimentaldead-risefunction;second,the
highertrimnon-chine-immerseddatawhereaspect-ratiofactoris
appreciableareusedto obtainanexperimentalvalueof 9(A);sadthird,
thechine-immerseddataareanalyzedandan empiricalvalueofdead-rise
functionis
willoccur.

computedforthepredictionofdraftwherechineimmersion

EffectofDead-RiseFunctionandAspect-Ratio

FactoronHydrodynamicLoad

Therelationshipofhydrodynamicloadtodead-risefunctionand
aspect-ratiofactoris shownby thefollowingequation(seeref.1):

(1)

Thisequationshowsthatthehydrodynamicload q variesasthetwo-
thirdspowerofthedead-risefunctionandastheone-thirdpowerof
theaspect-ratiofactor.Withtheuseoftheoreticalquantitiesfor

.

.
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f(~) and q)(A),~tiOdJT@lliC10S,dS
Inorderto obtainanunderstanding,
for f(p) and q(A),consideration
dead-rise.mgleisloweredto10°.

canbepredictedfromthisequation.
ofthetheoreticalquantitiesused
isgiventotheirvariationasthe

Thequantimwidelyusedasfunctionofdeadriseis f(P)=&

()

2/3
(ref.6). Thevariationof ~ - 1 withangleofdeadriseis

2$

()

2/3
showninfigure6. Theapplicationof ~ - 1 inpredictingloads

2P
hasbeenexperimentallyverifiedforanglesofdeadriseof22~0to40°

(refs.1 to4);however,below22~0,figure6 showslargeinm~asesin

~(~~2/3 whichinturnmeanlargeincreasesinloadas canbe seen
fromequation(l). Sincethiscurveapproachesinfinityas zerodead-
riseorflat-plateconditionisapproached,itbecomesunrealisticin
theextremelylowdead-riserangeanda needfordeterminingthelower
limitsforwhichthisqwtity canbe appliedtothedeterminationof
loadsisevident.A purposeofthisanalysisisto obtainanexperi-
mentalvalueof f(~) foranangleofdeadriseof10°andto compsre

thisvsluewith ~ - 1.
2t3

An expression
reference7 andis

foraspect-ratiofactor
givenbythequantity

wasobtainedby Pabstin

(2)

An appro-tion of q(A) wasgivenbyPabstfortheV-bottomfloatas

(3)

whereitisassumedthattheend-flowcorrectionisdeterminedby the
shapeoftheintersectedareaintheplaneofthewatersurface.The
variationoftheloadas influencedby theseexpressionsastheangle
ofdeadriseisloweredfrom40°to10°is showninfigure7;thedashed
curvesshowtheV-bottomapproximationpullingsharplyawayfromthe
generalexpressionatlowdead-riseanglesandhighanglesoftrim.
Thisfigureshowsthatatanangleofdeadriseof10°theV-bottom
approximationisverypoorfortrimanglesaboveI-2°.Itis further
observedfromthisfigurethatPabstrsexpressionfor P(A) indicates

--..——. -..— . . — -— —.—. .. . —.— -. .—.-— ——.— .
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thatata lowangleoftrim,suchas3°,the T(A) factorfordeter-
miningloadisveryclosetounityevenatanangleofdeadriseof10°.
Therefore,9(A) haslittleinfluenceonhydrodynsmicforceona model “
atanangleoftrimof3°,andsmallerrorsinthevalueof (p(A)used
wouldhavenegligibleeffectondeterminationofloads.llkomthesedata,
anexperimentalvalueof f(p) canbe obtainedfromequation(1)by
usingtheexperimentalvalueof ~ anda theoretical.valueof CZ
correspondingto theapproachparametertc.

Experimentalvaluesof [f(B]2/3wereobtainedfortheseveral

non-chine-immersedrunsat3°oftrimofthisinvestigationandwere

()
foundtowee with Z - 1

2/3
withintheaccuracyoftheexperimental

2P
data.Thisagreementindicatesthat

determiningthe.hydrdynamicloadis

foranangleofdeadriseof10°.

Afterthe&Ltawhere q(A) was.

thefunctionofdead-riseanglein

closelyrepresentedbyf(f3)==- 1
.

oflittleconsequencewereusedand

verificationofthedead-risefunctionA - 1 atanangleofdeadrise
2p

of10°wasestablished,thisvalueofthedead-risefunctionwassubsti-

tutedintoequation(1)andexperimentalvaluesof [q(A]l/3 were
obtdnedforhigheranglesoftrimwherethe Q(A) functionhasa large
effectonthehydrodynamicload. Inthismanner,thedataobtained “
fromtherunsinwhichtheanglesoftrimwere12°,20°,and30°where
chineswerenotimmersedweresubstitutedintoequation(1)andthe

[( g
1/3resultingexperimentalvaluesof q A sxepresentedinfigure8

wherea comparisonismadewithPabstfsempiricalexpression.Thisfig-
ureshowssubstantialagreementbetweentheexperimentalvaluesof P(A)
obtainedfromthisinvestigationmd thoseobtainedfromtheenmlrical
expressionderivedby

Theruns madein
reference1 predicted

Pabs~.

Chinehmersion

thisinvestigationwererunswherethetheoryof
no effectofchineinmersiononload:however.the

,

dataabovea-flight-pathangleof5°indicatedan effectokchinei&er-
siononload.Thepossibilityofchine-imnersioneffectonmaximumload
wasdeterminedtheoreticallyby solving.forthedraftcoefficientat
theinstantofchineimmersion(eeeref.1):

.
.
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cd,c.-. = Cs,ch 11/3
(4)

lf Cd,chisgreaterthanthedraftcoefficientatwhichthemaximum

load-factorcoefficientoccurs(Cd,ch>0.65),therewillbe no effect
ofchineimmersiononmaximumload.Theeffectof chineimersionon
maximumload-factorcoefficientis shownby thetheoreticalcurvesof
reference1 presentedinfigure2. Theexperimentaldataforanangle
oftrimof3°=e showntoliebelowthenon-chine-hnersedcurve.
AlthoughCd,chisgreaterthan0.65foranangleofdeadriseof10°
andanangleoftrimof3°,theexperimentaldatashowa reductionin
maxti load-factorcoefficientcorrespondingto a valueof cd,ch of

approximately0.475.Thisoccurrenceof chineimnersionindicatesthat

f(p)-:- 1 isnotsufficientlylargeto accountforwaterpileup

foranangleofdeadriseof10°atanangleoftrimof3°.‘Since
.

f(p)s:- 1 doesnotaccountforwaterpileup,equation(4)canbe

rewrittenas

,d,ch=cs,+[~; (5)

where h(p) isthedead-risecorrectionforwaterpileupforthecon-
ditionwithanangleofdeadriseof10°andanangleoftrimof3°.

Solvingeqution(5)for ~(~fll’3

[(rJ1/3
h~

[(PI
1/3

anda valueof h =

correspondingto the cd,ch

gives

[ 1]
1/3

g@) m
w6tanT

2.74 isobtainedas
valueof0.475from

.

the

the

(6)

empiricalvalue

experimentaldata.

—.-—.— . ~.——.-——— —— —. — —.—— .—-
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Thisvalueindicatesa 37-percent

forwaterpileupas comparedwith

NACATN3608

increaseinthedead-risecorrection

thatpredictedby [f(P)ll/3foran——

angleofdeadriseof10°atanangleoftrimof3°. Sinceh(~) is
2.5timesf(p),equation(5)canbewritten

Cd,~=cs,ch{8~fl~:;~~~

foranangleofdeadriseof10°andanangleoktrimof3°.

. Theexperimentaldataobtainedatanglesoftiimof12°,20°,aud
30”consistedoftoofewrunsforwater-pileupor

CONCLUSIONS

chine-*sion analysis.

An analysisof~erimentaldataobtainedfroman investigationof
hydrodynamicimpactloadsin smoothwaterfora floathavinganangle
ofdeadriseof10°resultsinthefollowingconclusions:

1.Theexpression~ - 1 appesrstobe a fdr approximationof
2p

thefunctionofdead-riseanglef(~) inthedeterminationofhydrody-
namicload.

2.EXPer~nti valuesofanaspect-ratiofactorq(A) showsub-
stantialagreementwiththeempirical.expressionderivedbyPabst.

3. Inthedeterminationofdr~where chine-immersioneffectswilJ-
occur,anempiricalvalueof h(~)= 2.5f(~) is obtainedasa function
ofdead-riseangleforwaterpileupatanangleoftrimof3°.

4:Thetrepdoftheexperimentalvariationofload-factorcoeffi-
cient,draftcoefficient,timecoefficient,andvelocityratioarein
good~eement withthetheoreticalvariation.

LangleyAeronauticalLaboratory,
National.AdvisoryCommitteeforAeronautics,

k@ey Field,Vs.,October11,1955.

.
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Figure l.- Lines of prismatic float with en angle of dead rise of 10°.
(ML dimensions are in inche~.)
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